Congenital intracranial pial arteriovenous fistulas (AVFs) are rare cerebrovascular lesions. Their clinical manifestations tend to vary according to age, with pediatric populations being more likely to have symptoms like congestive cardiac failure and seizures because of arteriovenous shunting; hemorrhage is the major presentation in adult populations. Pediatric populations, especially newborn infants, seldom ex perience a hemorrhagic event. Here, we report two rare cases of neonates with con genital pial AVF presenting as intraventricular and subdural hemorrhage, respec tively, which were treated with endovascular embolization.
INTRODUCTION
Intracranial pial arteriovenous fistulas (AVFs) are rare vascular lesions of the brain, and have distinct angioarchitectural characteristics, consisting of single or multiple arterial feeders and a drainage vein without an intervening nidus. AVFs account for 1.68.4% of all intracranial vascular malformations 13) and represent approximately 4% of pediatric cere bral vascular malformations 4) .
Clinical presentations of pial AVFs vary according to age, with pediatric populations being more likely to have symptoms like highoutput cardiac failure and seizures because of arteriovenous shunting, whereas hemorrhage is the major presentation in adult pati ents. Pediatric patients, especially newborn infants, seldom experience a hemorrhagic event 3, 5) .
This report describes two unusual cases of newborn infants with intracranial pial AVFs who presented with brain hemorrhage and were treated with endovascular embolization.
To our knowledge, this is the first case report of pial AVFs presenting with intracranial hemorrhage (ICH) in newborn infants in Korea.
CASE REPORT

Case 1
A 22dayold male infant was transferred to the emergency department in our hospital after an episode of sudden vomiting.
The infant had been uneventfully delivered from a healthy mo ther at 39 weeks gestational age, weighing 3.2 kg. Initial blood pressure was 83/48 mmHg, with a heart rate of 152 beats per minute and respiratory rate of 40 breaths per minute. There was no history of trauma, and neurological examination was nor mal. However, physical examination revealed a pale appearance with a bulging anterior fontanel. There was no cardiac murmur.
His initial hemoglobin level was 7.7 g/dL, and computed tomo graphy (CT) scan of the brain revealed an extensive intra ventricular hemorrhage (IVH) with hydrocephalus ( Figure 1A ). The Gross Motor Function Measure (GMFM) score was 14.6%, which represents category IV, or significant delay.
Case 2
A 30dayold female infant presented to the emergency department after 2 hours of repeated apnea lasting nearly 10 .
The natural history of pial AVFs is also largely unknown due to its rarity, especially in pediatric populations. According to previous reports, several distinctions have been made between the clinical features of pial AVFs in pediatric and adult popula tions. The pediatric type has a high percentage of symptoms related to shunting effects, such as congestive heart failure and seizures, and mass effects like macrocrania, headaches, and focal neurological deficits. On the other hand, the adult type usually presents with hemorrhage 7, 8) . In addition, the clinical presentation of pial AVFs tends to vary by age in pediatric patients. Hetts et al. 5) showed that this heterogeneous disease entity could be divided into two groups, based on the onset of presentation at the age of 2 years. The study demonstrated angio architectural findings according to age, with younger . In a previous study, venous dilatation was found to be highly correlated with a decreased risk of hemorrhage; it was postulated that this dilatation might exert a buffer effect for tolerating high arterial pressure 7) . Given this finding, intrac ranial hemorrhage in newborn infants is reported to be espe cially rare 3, 5, 8, 9) . This report describes rare cases of newborn pial AVFs pre senting as spontaneous ICH. As previously noted, younger age or the presence of ICH at presentation may signify an unfa vorable prognosis in AVFs 8) . Clearly, patients who presented with ICH had a higher mortality rate than those without ICH.
Younger age at diagnosis is also assumed to be a potential indi . Other treatment options include radiosurgery and open neurovascular surgery 14, 15) . However, the anatomical and phy siological characteristics of pial AVFs in newborns and infants make it particularly difficult to treat. Challenges include distinct anatomical characteristics, such as multiple tortuous intracra nial feeding arteries with small vessel calibers, with high perfu sion pressure, and the immature and vulnerable characteristics of the growing brain 5) . Previous research com paring the out comes of pial AVFs between infants and older children reported that the procedural complication rate was higher in infants, as high as 60% 5, 8) . An overall mortality rate near 17% in infants treated for pial AVFs has been reported 9) . Despite these diffi culties, much literature recommends the urgent management of pial AVFs in newborns and infants, even when asymptomatic, considering the unfavorable natural his tory of the fistula 12, 16, 17) .
In our report, the patients tolerated the procedure well, but went through neurological sequelae due to the initial intracranial hemorrhage.
In conclusion, since pial AVF has a poor natural history and possesses significant morbidity and mortality secondary to rupture and bleeding, a prompt angiographic assessment and treatment is necessary in newborn infants. This report highlights the importance of considering the rare disease entity of pial AVF as a cause of spontaneous intracranial hemorrhage in newborn infants.
